Confirmation of tuberculosis in young children is difficult as they seldom expectorate sputum. Gastric aspirates are invasive and stressful and like laryngeal swabs are seldom smear positive. Induction of sputum by nebulised hypertonic saline (3%) was attempted in 30 Malawian children aged 3-15 years and was successful in 29. Four sputa were smear positive and Mycobacterium tuberculosis was cultured from three of them. A further four sputa were culture positive though smear negative. In all, the diagnosis of tuberculosis was confirmed in eight (28%) of 29 children. The presence of polymorphonuclear cells in the specimen was indicative of sputum, in contrast to epithelial cells which originate from saliva. A predominance of polymorphonuclear cells in specimens was more common in older children and these specimens were more likely to be smear positive or culture positive. Sputum induction is a useful method for the confirmation oftuberculosis and is possible in young children. (Arch Dis Child 1996;74:535-537) 
The diagnosis of tuberculosis in children is based on clinical grounds combined with a chest x ray and a tuberculin test, and sometimes through identification and/or culture of Mycobacterium tuberculosis when required. However, the tuberculin test may be negative in several conditions including malnutrition, disseminated tuberculosis, and acute viral infections such as measles. The diagnosis of tuberculosis is now complicated by the advent of HIV infection which is associated with an increased prevalence of tuberculosis, a reduced sensitivity to the tuberculin test, and difficulty with interpreting chest x rays, particularly in children. ' Malawi has, as have many other sub-Saharan countries in Africa, experienced an upsurge in tuberculosis notification since 1985 (Malawi National Tuberculosis Control Programme, 1993 child in whom it failed was 4 years of age and did not have a cough. Reasons for not attempting sputum induction in the remainder included refusal (7), too young to cooperate (18; all of these were under 3 years), and too ill (2) . None of the children had a productive cough.
Of the 29 children, 11 (38%) were 3-4 years, seven (24%) were 5-9 years, and 11 (38%) were 10-15 years of age. Three to five millilitres of hypertonic saline (3%) were found to be sufficient to induce sputum and 10-20 minutes nebulisation was adequate. The induction was tolerated well by the children (and parents). There were no side effects or complications. A few children complained of an unpleasant taste or nausea but no vomiting was recorded.
Epithelial cells were detected more often in younger children, suggesting the samples contained saliva; conversely older children were more likely to have polymorphs, indicative of good quality sputum (table 1) .
Four out of 29 sputum samples (14%) were smear positive on ZN stain. In three of these four specimens, acid-alcohol-fast bacilli (AFB) were scanty and in one they were detected in large numbers, resembling adult smears. Three of these four positive sputa were culturepositive. A further four sputa were smear negative but culture positive. Thus the total numbers which were either smear positive or culture positive, or both, were eight out of 29 (28%). Nocardia asteroides, which are aerobic Gram positive and weakly acid fast bacilli, were isolated in one child. There was a direct relation between sputum quality (that is, the number of polymorphs) and culture positivity. Six of the 11 sputa with a high proportion of polymorphs were smear positive or culture positive, or both (table 2). The seven sputa which were culture positive in Malawi were confirmed in Liverpool. They had been frozen for up to eight weeks. Twenty seven children (93%) had a BCG scar (table 3) . Only one of the eight children with confirmed tuberculosis had a Mantoux response of > 10 mm and two had a response of 5-10 mm. Overall only three children had a Mantoux response of > 10 mm (table 3) .
Discussion
Sputum induction was undertaken in the 30 children suspected of tuberculosis and able to cooperate, and was successful in 29. Sputa were either ZN smear positive or culture positive, or both, in eight (28%). The procedure was possible in children as young as 3 years and was found to be safe, practical, and well tolerated. Eleven (38%) of the children were 3-4 years of age (table 1) .
In adults, it is recommended that sputum induction should be avoided in ill patients, especially those with AIDS, due to possibility of arterial desaturation'0 and a rapid increase in volume of pre-existing pleural effusion."' No adverse effects were noted in our patients, even in two children with pleural effusions. For ethical reasons we were unable to determine the HIV status of our patients.
Positive ZN smears are more likely to be obtained from induced than expectorated sputum.8 Droplets of the nebulised saline are deposited in the lung peripheries, which, because of the hypertonicity, draw interstitial fluid into the lower airway by osmosis.5 Fluid produced by the nebulised saline mobilises material in the lower airways, and the repeated coughing-stimulated by hypertonic salinemoves the material into the upper airways whence it is then expectorated. Evidence that the origin of material expectorated during sputum induction is from the lower airways is shown by the fact that P carinii (usually present in the alveoli) is rarely detected in expectorated sputum, while it is often found in induced sputum. Because of the infectivity of induced sputum, care should be taken in handling the material, which may contain a variety of pathogenic organisms including M tuberculosis.'2 N asteroides, which is a recognised complication of HIV infection, was isolated from one patient whose chest x ray mimicked that of tuberculo-S1S.
The other alternatives to induced sputum for the diagnosis of tuberculosis are gastric aspirate and a laryngeal swab. These, and especially laryngeal swabs, are seldom positive on direct smear'3 14 and thus culture is required. In children with pulmonary tuberculosis, M tuberculosis has been cultured from gastric aspirate in 33%,15 36%,16 and 39%,17 and a higher proportion in infants (75%),17 '8 whereas only 2% or less may be positive on gastric aspirate smears.'5 Lloyd reported positive culture using laryngeal swabs in 63% and gastric aspirate in 28% of 60 children with various forms of pulmonary and non-pulmonary tuberculosis.'4 If non-pulmonary tuberculous cases were excluded, the proportion of culture positive children would probably have been higher. In 20 children with pulmonary tuberculosis sub-jected to both bronchoalveolar lavage and gastric lavage, M tuberculosis was cultured from only two of the former and 10 (50%) of the latter.'9 All were smear negative. A comparison of induced sputum with gastric aspirate in adults found that if gastric aspiration was undertaken after induction of sputum, specimens were equally culture positive but gastric aspiration was inferior if undertaken before induction of sputum.2 Gastric aspiration is distressing to the child, and mothers (and nurses) of some ethnic backgrounds in Africa are very resistant to its use on their child. The advantage of induced sputum is the higher probability of obtaining a positive smear. However, culture is the optimal method for confirmation of tuberculosis and it will identify the species and sensitivity of the mycobacterium. There are no comparisons of culture between sputum induction and gastric aspiration in children.
In industrialised countries the diagnosis of tuberculosis is usually based on a tuberculin test and a chest x ray; also BCG is regarded as providing protection against pulmonary tuberculosis.20 Table 3 shows the contrast with Malawi: the Mantoux test response was more than 10 mm in only one child and was between 5 and 10 mm in only two children with confirmed tuberculosis. We do not know their HIV status. Seven (87%) of eight children with confirmed, and 20 (95%) of 21 with suspected, tuberculosis had a BCG scar (table 3) .
Sputum induction is a safe, useful investigation in children suspected of tuberculosis and can be successfully employed in children as young as 3 years of age. Sputum induction offers the possibility of obtaining a positive smear and in older children and adolescents could be used as a screening test. If the specimen is smear negative, and particularly if it has a high proportion of epithelial cells (indicating saliva), induction should be repeated. A direct comparison of sputum induction with gastric aspiration and laryngeal swabs is required to estimate optimal methods for smear and culture in children. Presently, gastric aspirate remains the method of choice for culture in young children, particularly infants.
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